Abstract-UniDoodle is a multi-platform, smart device based student response system that provides a freeform-style input using sketch capabilities. This offers significant advantages over existing student response systems, such as Clickers, which are limited in their input capabilities and generally only allow for a multiplechoice selection. In contrast, UniDoodle caters for writing equations, drawing diagrams, annotating figures or any form of graphical input. The key focus of this paper is to evaluate the use of this response system in an active classroom environment over an extended period of time. Fundamentally, we wish to address the following key questions in relation to UniDoodle: do students find it easy to use; do they find it beneficial to their own learning; does the lecturer find the sketch-based student responses beneficial; and how does the use of this response system affect the typical classroom lecture? Here, UniDoodle was used in a first year Systems and Control module, in the Dept. of Electronic Engineering in Maynooth University, for the duration of an entire semester. This paper will present an outline of the UniDoodle system and its key features, details of the actual evaluation with some sample questions, and a summary of the student and lecturer feedback obtained.
I. INTRODUCTION
Clickers [1] , voting machines [2] , audience response systems [3] , personal response units [4] , classroom communication systems [5] , clicker assessment and feedback technology [6] and classroom response systems [7] , are all types of student response systems (SRSs) that allow students to quickly and efficiently respond to questions posed by the lecturer in a live classroom environment [8] . The benefits of using such systems are well documented in the research literature and include improvements in classroom engagement and interaction, student motivation, attendance and retention of material [9 -13] . Furthermore, it offers a more flexible means of implementing classroom assessment techniques [14, 15] and action learning activities [16] . These systems are typically used to gather immediate real-time feedback from students during the classroom. This information can then be used to address any issues of gaps in knowledge that students may have revealed.
However, despite all the recognized benefits, these systems are limited in their input capabilities and generally only allow for a multiple-choice selection. They do not cater for writing equations, drawing diagrams, annotating figures or any form of graphical input. This is a major disadvantage in Science, Technology, Engineering and Mathematics (STEM) disciplines, in particular, where the key learning focus is on the art of problem solving, i.e. the methodology behind the final answer. For example, consider the solving of an algebraic equation, the designing of a circuit, the sketching of a mathematical function, presenting the forces of a moving object on a free body diagram, the minimisation of a Boolean function using Karnaugh Maps, sketching the root locus of a control system, etc. The list of such examples is endless and it is very important that students addressing such questions can carry out the underlying fundamental processes and methodology. In order to capture the real-time feedback of the students' grasp of this information it is necessary for a SRS to facilitate freeform input. Current response systems only reveal that students have or have not made a mistake but do not reveal exactly where and how the mistake has been made. Indeed, with current systems, it's possible for a student to guess the right answer without actually knowing how to achieve it.
Here, we propose the use of the UniDoodle student response system to alleviate the aforementioned issues. UniDoodle is a multi-platform, smart device based student response system that provides a freeform-style input using sketch capabilities, and builds on previous work in the area by the lead author [17] . It currently operates on all devices using either the iOS or Android operating system. The key focus of this paper is to evaluate the use of UniDoodle in a live classroom environment over an extended period of time. Previous evaluation of this system, as reported in [18] , focused on the use of the system in one-off dedicated sessions, akin to tutorials. The issue with such trials, in our view, is that students can provide positive feedback to a new piece of technology simply because it is new, different and provides a welcomed change to the potential monotony of their typical classroom learning experience. Here, we integrate UniDoodle into the learning environment in a more deliberate manner. We wanted the students engaging with and using UniDoodle on a regular and constant basis so that it became a normal part of the learning environment, and not simply a oneoff usage. This echoes the thoughts of [19] who argues the possibility that response systems are simply an amusing novelty unless used productively and effectively integrated in the classroom.
As such, UniDoodle was used in a first year Electronic Engineering class, in Maynooth University, over the course of a full semester. At the end of the semester, student feedback was obtained using both paper-based questionnaire forms and independently-chaired focus groups. Details of the actual evaluation, a sample of the questions posed to students through UniDoodle, and a summary of both the student and lecturer feedback are all outlined in the following sections. First, however, we will provide a brief overview of the UniDoodle student response system and its key features.
II. AN OVERVIEW OF UNIDOODLE
UniDoodle consists of a student application that allows for freeform input, through sketching capabilities (see Figure 1) , a lecturer application that allows easy viewing and editing of multiple sketch-based responses (see Figure 2 ) and a Googleapp engine cloud-based service for co-ordinating between these two applications.
The system operates as follows -(1) the lecturer poses a question in class; (2) the students receive this question on their individual devices (typically their smart phones) and then respond appropriately using the in-built sketch capabilities (equations, diagrams, graphs, and annotations are all possible); (3) the lecturer receives the student responses in a concise format on their own device (typically a tablet); and (4) the lecturer offers feedback, if necessary, based on any obvious errors that students may have made. Student responses can be shown on the overhead projector allowing all students to see all the submitted responses. This offers students a level of peer learning as they can now see where other students are making mistakes, if any, and what those mistakes are. Several new and important features exist in UniDoodle in comparison with the work previously carried out in [15, 17] . Firstly, it now includes a filter feature that allows the lecturer to remove any undesirable student responses. This allows for unwanted images to be deleted before the responses are shown live to the whole class and, ultimately, deters students from using the system to respond with inappropriate images. Secondly, UniDoodle now contains a template feature which allows lecturers to prepare questions in advance of class. Lecturers can now pre-prepare questions and load them on the cloud-based database. In addition, these templates can be arranged into various folders for ease of management (see Figure 3 ). For example, a lecturer could have a different folder for each module they teach. Finally, diagrams can now be created on a PC using any suitable drawing package, saved as jpegs, and uploaded to the database. This allows for more detailed and accurate diagrams to be used as the basis of questions (see Figure 1 ). As mentioned in the Introduction, we employed UniDoodle over the course of an entire semester in a first year module in the Dept. of Electronic Engineering at Maynooth University. The class consisted of 24 students, which is typical within the Engineering programme in the university. There were 7 females, 2 mature and 4 international students in the class. To fully integrate UniDoodle into the classroom learning environment, we had to modified the existing teaching approach. All lectures were split into two parts -the first half of the classroom period followed normal practice and focused on covering a particular topic or sub-topic; the second half then made used of UniDoodle for the purposes of gauging how well the students grasped the knowledge that had just been presented. This approach also helped re-enforce the material for the students while providing formative feedback to the lecturer. A total of 24 lectures were used to cover the content of the module.
The module in question is entitled 'Introduction to Systems and Control' and introduces students to concepts associated with dynamical systems and simple feedback control systems. The material contains significant mathematical and graphical components which are important in the understanding of the basic concepts involved in the module. A selection of questions that were posed to students via UniDoodle are presented in Figure 4:  In Question A, students are simply asked to identify a particular block within a standard feedback system (in this case, a sensor). Alternatively, students could be asked to simply label each block in the diagram.
 In Question B, students are asked to apply the Kirchhoff's Voltage Law to write out the equation for the leftmost loop in the circuit given. They are specifically required to express their final answer in terms of the variable current.
 In Question C, students are presented with a physical model of a conventional mass-spring-damper system and asked to sketch the free body diagram for this system. This is typically followed by a second part that requires students to obtain the mathematical model from the resulting free body diagram.
 In Question D, students are given an outline of a single water tank system and asked to develop the model for this system given that the output flow is laminar.
 In Question E, students are presented with a graphical output of an arbitrary system and asked to determine various features directly from this graph.
 In Question F, students are given an arbitrary model (in transfer function form) and asked to calculate key features of this model. Moreover, they are asked to sketch the typical output response for such a system, given that it is excited by a step input.
These questions vary from the simple labelling of block diagrams to the more complicated derivation of mathematical models. They clearly illustrate the need for the sketch-based capabilities that UniDoodle offers. Furthermore, the student responses to such questions clearly illustrate how the lecturer now has access to more detailed information than existing response systems, such as Clickers, allow. For example, the lecture can see if each student has included all the relevant forces and their directions in the free body diagram in Question C. If a student has incorrectly identified the direction of one such force or has omitted a force, then the lecturer now has the relevant insight to this fact and can target that specific error. By way of another example, consider Question D where students have to derive the model for the water tank. The lecturer can now clearly see if the student has followed the correct process in deriving the model -have they framed the initial equation correctly, have the substituted for the various elements correctly, etc.
While these questions pertain to the 'Introduction to Systems and Control' module, it is easy to see how questions from other Engineering-based modules and, indeed, STEM disciplines in general, can be accommodated in the UniDoodle response system. Arguably, the UniDoodle has an even significantly wider appeal and could be used in a wide variety of disciplines across the entire range of the learning spectrum. However, such an analysis lies beyond the scope of this paper.
III. EVALUATION PROCESS & FEEDBACK OBTAINED
Students were required to use their own smartphones in class. A total of 22 out of 24 had suitable phones, the other two students were provided with a tablet when required. Thus, all students had the capabilities of submitting their own answers. Interestingly, all but 1 student used Android-based phones. Throughout the semester, the average student attendance was 16 out of 24.
At the end of the semester students were given a detailed four-page questionnaire form to complete. The questions covered four main aspects, namely the usability of UniDoodle, engagement in class, learning using UniDoodle and the overall experience. A total of 12 students (50% of the class) completed the survey. The survey was anonymous. In addition, students took part in a focus group that was independently facilitated by colleagues in the Centre for Teaching and Learning at Maynooth University. The class was divided into two groups. Each group was taken by a facilitator and, separately, each group were asked to give their thoughts and opinions in relation to a selection of predetermined questions. The focus groups lasted for approximately 45 minutes. On completion, the facilitators collected and summarized the outcomes from each group. A total of 15 students took part in the focus groups (11 of which had also completed the survey). 
A. Student feedback
A summary of the student feedback, as obtained from the questionnaires, is presented in Tables 1-3. Table 1 considers the  usability of the UniDoodle system, Table 2 focuses on how it relates to student engagement in class and Table 3 considers the learning aspects associated with using the response system.
In terms of usability, it is clear from Table 1 that the students found the UniDoodle system easy to use, required little or no help in using the system and had very few technological problems while using the system. Table 2 shows that students greatly appreciate the anonymity of the response system, a sentiment that is often noted in the research literature on the topic of SRSs [20] . This was also evident in the focus groups, with some students commenting that:
"Unidoodle lets you be anonymous and you can be free and still get the feedback without anyone knowing"
and "it took away the fear of being wrong publicly."
All students found that UniDoodle helped them to be more active in class. Interestingly, all but one student felt that it made them think more about the course material in class. 50% of the students said that they prepared more for class because of the use of UniDoodle; the other 50% gave a 'not sure' rating. One of the students noted that:
"you want to pay more attention in class because you know" the lecturer "is going to ask questions at the end and you want to look at the board and know you got something right."
While all students participated in using UniDoodle when it was employed in the classroom, most students did not see it as a reason for attending class. However, it is also worth noting that all students either disagreed or strongly disagreed with the notion that UniDoodle was a waste of time. This is further evident by the fact that all the students strongly recommend the continued use of UniDoodle. Table 3 shows that the majority of students felt that the use of UniDoodle enhanced their learning experience. They felt that it allowed the lecturer to identify problem areas and allowed them to check whether or not they understood concepts as well as they had thought. In addition, the students clearly liked the feedback that the use of UniDoodle facilitated. This was also evident from the focus group discussions with comments such as:
"if I have an answer that's completely wrong, it lets me know immediately."
and "it lets you know if you know your stuff or not"
Some liked the fact that the feedback is specific, i.e. the lecturer can tell them where exactly they went wrong in their methodology and not just that they got the final answer wrong:
"the feedback will be specific and I'll see where I went wrong."
The current use of UniDoodle in the classroom is to provide formative feedback to the students and, hence, it was interesting to note that some students appreciated this aspect:
"with a lot of other modules, it's part of your continuous assessment, with this it doesn't affect your grade and you're not as reluctant to put an answer down." 
B. Lecturer feedback
As lecturer (and lead author of this paper), I found the use of UniDoodle enjoyable and highly rewarding. Firstly, it breaks up the traditional teaching style of lecturing to the students and therefore reduces the risk of monotony. It certainly promotes significantly more interaction within the classroom and allowed for numerous opportunities for discussion via feedback given in reaction to student responses.
More importantly, however, I found the use of UniDoodle very beneficial in the sense that it provided the insight to the students' knowledge that I had hoped for, as per the previous discussion regarding the selection of questions in Figure 4 . Using UniDoodle allowed me to illustrate, to my students, the mistakes that are so often made. In the past, I could always tell my students what the common mistakes were, but now the students get to visually see the mistakes for themselves. This offered significantly more beneficial insight to the students as they were instantly able to experience the mistakes for themselves. Follow-up questions using UniDoodle generally showed that most students had indeed learned from their mistakes and did not repeat them in later questions.
Finally, I found that I was able to work through the full content of the taught module within the given time period, albeit that I was now using less 'lecturing' time in each class. I believe that the main reason for this was largely due to the fact that I provided students with the full, printed set of notes. In the past, students were only given a partial set of notes and were required to fill out the blank sections. By providing the complete set of notes, students did not spend time transcribing, and I was able to work through various topics and concepts in a more efficient manner. Moreover, I had the luxury of knowing that the students would be revisiting the same information in the latter half of the class and do so in a more interactive and engaging manner. This paper has presented a semester-long evaluation of a novel sketch-based student response system known as UniDoodle. This system offers a flexible input in the form of sketches and, thus, allows for student to respond to questions with graphs, equations, annotations, etc. As such, UniDoodle is particularly suited for use in STEM disciplines but, arguably, has a much wider usage profile. Here, the system was integrated into the learning activities of a first year Electronic Engineering module in Maynooth University, where both the students and the lecturer involved reported in favour of its inclusion in the classroom. At the outset of this study, we hoped to answer 4 key questions. We will now address each of these in turn:
1. Do students find it easy to use? The feedback presented in Table 1 clearly shows that the students had no issues in using UniDoodle. This response system is designed to be intuitive and requires little or no support in order to be used. However, it should be noted, that the system operates over Wi-Fi and therefore a good, reliable Wi-Fi connection is important.
2. Do students find it beneficial to their own learning? The feedback, as presented in Tables 2 and 3 , clearly shows that students found the use of UniDoodle to be beneficial both in terms of active engagement and improved learning. This is echoed in the feedback obtained from the focal groups, the essence of which is neatly captured by the student who felt that they paid more attention in class so as to be able to better answer questions at the end of the class.
As part of the paper survey, students were asked if using UniDoodle in class had increased their confidence in their ability to successfully complete the module. Over 90% felt that it did. Interestingly, only 2 out of the 24 students failed the module at the end of the semester. It is also worth adding that this module had one of the higher module averages of the set of first year modules in Electronic Engineering at Maynooth University. This is in stark contrast to the previous year where the same module had the lowest average of all the modules. UniDoodle was not used in the module in that year.
3. Does the lecturer find the sketch-based student responses beneficial? As already discussed, the sketch-based responses allow for a more detailed and focused view of each student's response and, therefore, the lecture can pinpoint precisely where and how the student has made a mistake. This is significantly beneficial to both the lecturer and the students. The one minor drawback of the sketch-based response is that some student's handwriting can be difficult to read at times.
4.
How does the use of this response system affect the typical classroom lecture? The conventional lecture period had to be modified to properly accommodate the use of UniDoodle. The typical lecture hour was divided into two parts, the first for the conventional lecture, the second for using UniDoodle. This was eminently achievable by providing students with a complete printed set of notes, allowing the lecturer to work through various topics and concepts in a more efficient manner.
On a different note, the use of UniDoodle in the classroom also improved student engagement and interaction. This provided more two-way communication and discussion of material and also allowed most, if not all, students a means of responding without the feeling of being embarrassed in front of their peers.
Future work will consider further evaluations of the UniDoodle system both within and beyond the STEM disciplines and, also, for larger class sizes.
